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ABSTRACT 

[Abstract of the Disclosure] 

Provided is an optical combining device to make light beams proceeding along 

5 different paths proceed along the same path. The optical combining device to make 
light beams having different polarization directions and proceeding along different paths 
proceed along the same path, the optical combining device including: a first reflection 
surface which receives and reflects the first light beam; a second reflection surface 
which makes a right angle with the first reflection surface and reflects an image of the 

10 first light beam reflected by the first reflection surface reversely to proceed toward the 
polarized beam splitter; a polarized beam splitter which is provided on a proceeding 
path of the second light beam having a different polarization from that of the first light 
beam and makes the first and second light beams proceed along the same path by 
selectively transmitting or reflecting an incident light beam according to the polarization 

15 direction thereof. 

[Representative Drawing] 
FIG. 13 



SPECIFICATION 

[Title of the Invention] 
5 OPTICAL COMBINING DEVICE 

[Brief Description of the Drawings] 

FIG. 1 is a view illustrating the optical configuration of the conventional single 
panel type projection system; 
10 FIG. 2 is a view illustrating the operation of the color scroll in the projection 

system of FIG. 1; 

FIG. 3 is a view illustrating the optical configuration of a projection system 
adopting an optical combining device according to a first preferred embodiment of the 
present invention; 

15 FIG. 4 is a perspective view illustrating the optical arrangement of the light 

source and the color filter of FIG. 3; 

FIG. 5 is a plan view illustrating the color filter of FIG. 4; 

FIG. 6 is a front view illustrating the color filter of FIG. 4; 

FIG. 7 is a view illustrating the optical operation of the beam splitter of FIG. 3; 
20 FIG. 8 is a front view illustrating the spiral lens of FIG. 3; 

FIG. 9 is a perspective view illustrating the spiral lens disc unit of FIG. 3; 

FIG. 10 is a perspective view illustrating an Amici prism used for the optical 
combining device of FIG. 3; 

FIG. 1 1 is a view illustrating a shifter used for the optical combining device of FIG. 

25 3; 

FIG. 12 is a view illustrating a projection system adopting an optical combining 
device according to a second preferred embodiment of the present invention; and 
FIG. 13 is a view illustrating the optical combining device of FIG. 12. 

30 < Explanation of Reference numerals designating the Major Elements of the Drawings > 
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60 ... light source 
93 ... beam splitter 

100 ... spiral lens disc unit 

101 ...first spiral lens disc 



70 ... color filter 



95, 97, 131 ... cylindrical lens 



5 111 ...glass rod 

138, 139 ... optical combining device 
140 ...scroll direction change prism 
165, 270 ... light valve 
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... second spiral lens disc 
...fly eye lens array 



150 



... beam shifter 



170 



... projection lens unit 



180 ... screen 
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[Detailed Description of the Invention] 
[Object of the Invention] 

[Technical Field of the Invention and Related Art prior to the Invention] 

The present invention relates to an optical combining device which can improve 

15 the optical efficiency of an optical system and be made compact by combining light 
beams proceeding along different paths. 

In general, a projection system provides an image by projecting an image 
generated from a light valve, such as a liquid crystal display or a digital micromirror 
display, by using an additional light source onto a screen. 

20 The projection system is classified into a single panel type and a three panel type 

according to the number of light valves. The single panel type can make the structure 
of a projection system smaller than the three panel type. However, since white light is 
separated into R, G, and B colors in a sequential method, the optical efficiency is 
lowered to 1/3 compared to the three panel type. Thus, the single panel type 

25 projection system requires improvement of the optical efficiency. 

In a typical single panel projection optical system, light radiated from a white light 
source is separated into three colors of R, G, and B by using a color filter and the 
separated colors are sequentially transmit to a light valve. The light valve is operated 
according to the order of the colors to represent an image. Since the colors are 
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sequentially processed in the single panel type optical system, the optical efficiency is 
lowered to 1/3 compared to a three panel type optical system. To solve the above 
problem, a scrolling method has been suggested. In a color scrolling method, white 
light is separated into three colors of R, G, and B and simultaneously the separated 
5 colors are transmitted to different positions of the light valve. Since an image is not 
represented until all the R, G, and B colors arrive for each pixel, each of color bars is 
moved at a particular speed in a special method. 

As shown in FIG. 1, in a conventional single panel type projection system, white 
light which is not polarized is generated/radiated from a light source 1 1 . The radiated 

10 white light passes through a fly eye lens array 13 which mixes incident light to make a 
uniform light beam so that the white light becomes a uniform light beam and proceeds 
to a polarization changer 15. The polarization changer 15 changes the polarization 
direction of the light beam so that the non-polarized white light radiated from the light 
source 1 1 becomes a white beam polarized in one direction. The white beam passed 

15 through the polarization changer 15 is split by first and second dichromatic mirrors 17 
and 19 into red, blue, and green colors. That is, the first dichromatic mirror 17 reflects 
light having a blue wavelength among the white beam incident on the first dichromatic 
mirror 17 and transmits light having other wavelengths. The light passed through the 
first dichromatic mirror 17 is split by the second dichromatic mirror 19 into green and red 

20 light beams. 

First through third scanning prisms 21, 23, and 25 for periodically scrolling an 
incident light beam are arranged on an optical path of each split color. The first 
through third scanning prisms 21, 23, and 25 each are prisms having a rectangular 
block shape and rotated by a driving source (not shown). As the angle made between 
25 the optical axis and the side surface of the prism changes on the optical path by the 

rotation of each of the first through third scanning prisms 21, 23, and 25, the proceeding 
path of the light beam passed through these prisms are changed periodically. 

The initial angle of each prism is set such that, when the first through third 
scanning prisms 21, 23, and 25 are rotated on the optical path, the light beams passed 
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through the respective first through third scanning prisms 21, 23, and 25 divide an 
effective image area of a light valve 33 into three sections. Accordingly, as shown in 
FIG. 2, according to the driving state of the first through third scanning prisms 21 , 23, 
and 25, color bars are formed in the effective image area of the light valve 33 by 
5 repeating the order of (B, R, G) (G, B, R) -» (R, G, B). 

The light beams passed through the first through third scanning prisms 21, 23, 
and 25 are combined by third and fourth dichromatic mirrors 27 and 29. Reflection 
mirrors 18 are arranged between the first dichromatic mirror 17 and the third 
dichromatic mirror 27 and between the second dichromatic mirror 20 and the fourth 
10 dichromatic mirror 29, respectively, so as to change the proceeding paths of the light 
beams. 

The scrolled light beams passed through the fourth dichromatic mirror 29 is 
incident on a polarized beam splitter 31 which transmits or reflects the incident light 
beam according to the polarization direction thereof. The light beam reflected by the 

15 polarized beam splitter 31 is incident on the light valve 33 while the color bars are 

periodically scrolled as shown in FIG. 2. The light valve 33 generates an image from 
the incident light. The image is generated by making the polarization direction of an 
exit light beam different in units of pixels. The light beam having a polarization 
direction different from that of the incident light beam only transmits the polarized beam 

20 splitter 31 to proceed toward a projection lens unit 35. The projection lens unit 35 
magnifies the input image and projects the magnified image onto a screen 50. 

The above-described projection device includes a plurality of relay lenses 41, 42, 
43, 44 } 45, 46, 47, and 48 on the optical axis to transmit the light radiated from the light 
source 1 1 to the light valve 33. 

25 To represent a color image by using the scrolling method, the color bars need to 

be moved at a constant speed as shown in FIG. 2. In the conventional structure, 
however, since the light valve and the three scanning prisms are synchronized for 
scrolling, the control of synchronization is difficult. In addition, since the scanning 
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prisms 21, 23, and 25 perform circular motions, the speed of the color scrolling is not 
constant so that the quality of an image can be deteriorated. 

[Technical Goal of the Invention] 
5 To solve the above and/or other problems, the present invention provides an 

optical combining device which combines light beams scrolled in two different areas and 
proceeding on different optical paths to enhance the optical efficiency. 

[Structure and Operation of the Invention] 

10 According to an aspect of the present invention, there is provided an optical 

combining device to make light beams having different polarization directions and 
proceeding along different paths proceed along the same path, the optical combining 
device including: a first reflection surface which receives and reflects the first light 
beam; a second reflection surface which makes a right angle with the first reflection 

15 surface and reflects an image of the first light beam reflected by the first reflection 

surface reversely to proceed toward the polarized beam splitter; and a polarized beam 
splitter which is provided on a proceeding path of the second light beam having a 
different polarization from that of the first light beam and makes the first and second 
light beams proceed along the same path by selectively transmitting or reflecting an 

20 incident light beam according to the polarization direction thereof. 

According to another aspect of the present invention, there is provided an optical 
combining device including: a scroll direction change prism which is arranged on a 
proceeding path of a first light beam of light beams transmitting different effective areas 
of a spiral lens disc and changes a scroll direction of the first light beam so as to be the 

25 same as that of a second light beam transmitting the other effective area; and a beam 
shifter which is arranged on a proceeding path of the second light beam and shifts the 
second light beam so as to be combined with the first light beam exit from the scroll 
direction change prism. 

The scroll direction change prism may include: a first reflection surface which 
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receives and reflects the first light beam; a second reflection surface which makes a 
right angel with the first reflection surface and reflects an image of the light beam 
reflected by the first reflection surface reversely; and a third reflection surface which 
reflects the light beam reflected by the second reflection surface in a direction parallel to 
5 the second light beam exit from the beam shifter. 

Preferred embodiments of the present invention will now be described with 
reference to the attached drawings. 

Referring to FIG. 3, a projection system adopting an optical combining device 
according to a first preferred embodiment of the present invention includes a light 
10 source 60, a color filter 70 to separate a light beam radiated from the light source 60 
according to a predetermined wavelength range, a spiral lens disc unit 100 to 
periodically scroll a proceeding path of each of the light beams separated by the color 
filter 70, and a beam splitter 93 to magnify and split an incident light beam. 

The light source 60 generates and radiates white light and includes a lamp 61 to 
15 generate light and a reflection mirror 63 to reflect the light radiated from the lamp 61 and 
guide the reflected light along a proceeding path thereof. The reflection mirror 63 may 
be an oval mirror or a parabolic mirror. The oval mirror has one focal point at the 
position of the lamp 61 and the other focal point at a position where light is focused. 
The parabolic mirror makes the light radiated from the lamp 61 and reflected by the 
20 reflection mirror 63 a parallel beam. In FIG. 3, an oval mirror is employed as the 
reflection mirror 63. 

The color filter 70 separates the incident light according to a predetermined 
wavelength range and makes the separated light beams proceed at different angles. 
Thus, the color filter 70 prevents the incident light which is input at a predetermined 
25 angle from being output in a direction other than a desired direction so that an efficiency 
in use of light is improved. That is, an effect by a change in a value of etendue which 
signifies a physical amount of optical conservation in an optical system can be reduced. 

To this end, the color filter 70, as shown in FIGS. 4 through 6, includes first, 
second, and third dichromatic prisms 79, 81, and 83 to separate an incident light beam 
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L into first, second, and third color light beams Li, L 2 , and L 3 by reflecting light in a 
particular wavelength range and transmitting light in other wavelength range. 

The first dichromatic prism 79 has a first mirror surface 80 arranged inclined to 
an optical axis of the incident light beam L. The first mirror surface 80 reflects the first 
. 5 color light beam Li and transmits the second and third color light beams L 2 and L 3 of the 
incident light beam L For example, the first mirror surface 80 reflects a light beam 
having a blue (B) wavelength and transmits light beams having different wavelengths. 
The first dichromatic prism 79 has first reflection surfaces 79a and 79b (refer to FIG. 5) 
constituting an outer shape thereof and reflecting the incident light beam at a 

10 predetermined angle, inside the first dichromatic prism 79. In detail, the first reflection 
surfaces 79a and 79b totally reflect an incident light beam input at an angle greater than 
a predetermined angle, that is, a critical angle. Therefore, an efficiency in use of the 
incident light beam L can be improved. 

The second dichromatic prism 81 is arranged close to the first dichromatic prism 

15 79 and has a second mirror surface 82 arranged inclined to the optical axis of the 
incident light beam L. The second mirror surface 82 reflects the second color light 
beam L 2 , for example, a light beam having a red (R) wavelength, and transmits light 
beams having different wavelengths. 

The third dichromatic prism 83 is arranged close to the second dichromatic prism 

20 81 and has a third mirror surface 84 arranged inclined to the optical axis of the incident 
light beam L The third mirror surface 84 reflects the third color light beam L 3 , for 
example, a light beam having a green (G) wavelength. The third mirror surface 83 can 
be replaced with a total reflection mirror so as to reflect all the incident light beam. 

The second and third dichromatic prisms 81 and 83 include the second and third 

25 reflection surfaces 81a and 81b, and 83a and 83b, respectively. Since the second and 
third reflection surfaces 81a and 81b, and 83a and 83b have the same functions as 
those of the first reflection surfaces 79a and 79b, detailed descriptions thereof will be 
omitted herein. 

The color filter 70 having the above structure is suitable for a projection system 



using a micromirror device as a light valve to form an image regardless of the 
polarization property of the incident light. 

The color filter 70 preferably further includes a first collimating lens 71 to make 
the incident light a parallel beam at a position corresponding to a light incident surface 
. 5 of the first dichromatic prism 79. 

The color filter 70 preferably further includes first through third relay lenses 85, 
86, and 87 arranged corresponding to the respective light exit surfaces of the first 
through third dichromatic prisms 79, 81 , and 83. The first through third relay lenses 85, 
86, and 87 focus the first through third color light beams Li, L 2 , and L 3 to have 
10 predetermined divergent angles. 

The color filter 70 preferably further includes first and third polarized beam 
splitters 73 and 75 and a 1/2 wave plate 77 disposed on an optical path between the 
first collimating lens 71 and the first dichromatic prism 79. 

The first polarized beam splitter 73 is provided at the light incident surface of the 
15 first dichromatic prism 79. The first polarized beam splitter 73 transmits a first light 

beam having one polarization of the incident non-polarized white light to proceed toward 
the first dichromatic prism 79 and reflects a second light beam having other polarization 
to proceed toward the second polarized beam splitter 75. To this end, the first 
polarized beam splitter 73 has a first polarization surface 74. 
20 FIG. 6 shows that, when a white light beam in which a P polarization and an S 

polarization are mixed is radiated from the light source 60, the first polarization surface 
74 transmits a light beam having the P polarization while reflecting a light beam having 
the S polarization. 

The second polarized beam splitter 75 reflects a second light beam reflected by 
25 the first polarized beam splitter 73 to proceed toward the first dichromatic prism 79. 

Referring to FIG. 6, for example, the second polarized beam splitter 75 changes only a 
path of the S-polarized light beam without changing the polarization property thereof 
such that the S-polarized light beam can proceed parallel to the first light beam having 
transmitted the first polarized beam splitter 73. To this end, the second polarized 
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beam splitter 75 has a second polarization surface 76 which reflects a light beam having 
a particular polarization of the incident light, for example, the S-polarized light beam. 
The second polarized beam splitter 75 can be a total reflection mirror which totally 
reflects the incident light. 

The 1/2 wave plate 77 changes the phase of an incident light beam having a 
predetermined polarization by 180°. FIGS. 3 through 6 show an example in which the 
1/2 wave plate 77 is arranged between the second polarized beam splitter 75 and the 
first dichromatic prism 73 to change the polarization direction of the second light beam 
to be the same as that of the first light beam. That is, the S-polarized light beam 
reflected by the second polarization surface 76 is changed to be the same as the 
P-polarized light beam which is the same as the polarization direction of the first light 
beam. Alternatively, the 1/2 wave plate 77 can be arranged between the first polarized 
beam splitter 73 and the first dichromatic prism 79 to change the polarization direction 
of the first light beam to be the same as that of the second light beam. 

Thus, the color filter 70 further including the first and second polarized beam 
splitters 73 and 75 can be used for a case in which an LCD is adopted as the light 
valve. 

In the above color filter, the first through third dichromatic prisms 79, 81 , and 83 
can be changed by those having a feature of transmitting a particular color light beam 
and reflecting other color light beams and the optical arrangement thereof are changed 
suitable for the purpose. Since the manufacturing process of the first through third 
dichromatic prisms 79, 70, and 83 is widely known in the field of optical application 
technology, a detailed description thereof will be omitted herein. 

As shown in FIG. 3, a second collimating lens 91 to focus the first through third 
color light beams Li, L 2 , and L 3 exit from the color filter 70 is preferably further provided 
on the optical path between the color filter 70 and the beam splitter 91 . 

The beam splitter 93 is arranged on the optical path between the second 
collimating lens 91 and the spiral lens disc unit 100 and split the light beams, into at 
least two parts, which are separated into different color light beams by the color filter 70 
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according to a predetermined wavelength thereof and proceeding at different angles. 
That is, the beam splitter 93 magnifies and separates the incident light beam to proceed 
toward at least two effective areas of a spiral lens disc 101 . 

Referring to FIG. 7, the beam splitter 93 has an incident surface 93a and an exit 
. 5 surface 93b which have a ">" shaped section. The incident surface 93a splits the 
incident light beam into at least two parts by refracting each of the first through third 
color light beams Li, L 2 , and L 3 in a direction far from the optical axis. The exit surface 
93b refracts the respective color light beams which are refracted at the incident surface 
93a in a direction of the optical axis so as to be parallel to the incident light beam. The 

10 beam split by refraction is due to a difference in the refractive index between the beam 
splitter 93 and the air and the geometrical arrangement. 

Thus, by appropriately setting a refractive index n of the beam splitter 93, an 
inclination angle 9 of the incident surface 93a and the exit surface 93b, and a thickness 
D between the incident surface 93a and the exit surface 93b, all light beams can pass 

15 through first and third areas I and III corresponding to first and second effective areas A 
and B of FIG. 8 which are described later while a light beam is not incident on a second 
area II corresponding to a driving source 105 of FIG. 9. Accordingly, by splitting the 
light beam using the beam splitter 91 , the effective light amount is increased and the 
first and second effective areas A and B of the spiral lens disc unit 100 can be utilized. 

20 A plurality of cylindrical lenses 95 and 97 to shape the proceeding light beams 

are arranged on the optical axes of the light beams split into two areas I and III by the 
beam splitter. 

Each of the cylindrical lenses 95 and 97 correct the shape of the light beam by 
focusing the incident light beam in one direction and linearly transmitting the incident 
25 light beam in the other direction, so as to shape the first and second effective areas A 
and B as indicated by a dotted line in FIG. 8. 

Referring to FIGS. 8 and 9, the spiral lens disc unit 100 includes first and second 
spiral lens discs 101 and 103 which is rotatable and supported at a bracket 107, a glass 
rod 1 1 1 arranged on the optical path between the first and second spiral lens discs 101 
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and 103, and a driving portion 105 rotating the first and second spiral lens discs 101 
and 103. 

A cylindrical lens cell 101a and 103a is spirally arranged at least one surface of 
the first and second spiral lens discs 101 and 103. The spiral lens discs 101 and 103, 
. 5 while rotating, change the proceeding path of each of the light beams separated by the 
color filter 70 and periodically scroll the separated light beam. The scroll operation of 
the spiral lens discs 101 and 103 are described in detail with an exemplary case in 
which the first and second spiral lens discs 101 and 103 rotate clockwise at a 
predetermined speed. 

10 Each color light beam separated by the color filter 70 passes through the 

cylindrical lenses 95 and 97 to be shaped and passes through the first and second 
effective areas A and B. Each cylindrical lens cell 101a appears to be the same as a 
plurality of cylindrical lenses arranged linearly neighboring one another in view of the 
first effective area A. An effect that the cylindrical lenses are moved in a direction from 

15 the inner circumference to the outer circumference can be obtained. Thus, the color 
light bema incident on the first effective area A is scrolled from the inner circumference 
of the disc to the outer circumference thereof. A color light beam incident on the 
second effective area B is scrolled by the same principle. However, the scroll 
directions of the light beams in the first and second effective areas A and B are opposite 

20 to each other. 

The spiral lens disc unit 100 preferably includes two discs: the first spiral lens 
disc 101 scrolling an incident light beam and a second spiral lens disc 103 arranged 
separated a predetermined distance from the first spiral lens disc 101 and correcting a 
divergent angle of each of the light beams exit from the first spiral lens disc 101 which is 
25 separated at least two parts. 

The glass rod 1 1 1 transfers the light beam exit from the first spiral lens disc 101 
to the second spiral lens disc 103 as it as. Also, considering the shape and the focal 
position of the color bar, a fly eye lens array 120, a cylindrical lens 131, and a fourth 
relay lens 161 are preferably and further provided. 



The fly eye lens array 120 is arranged on an optical path of a light beam exit from 
the second spiral lens disc 103 and forms the color bar by making the light beam 
passed through the spiral lens disc unit 100 focused in different areas for each color. 
To this end, the fly eye lens array 120 includes a first fly eye lens 121 having a plurality 
, 5 of convex portions formed in a two-dimensional array on an incident surface and/or an 
exit surface, and a second fly eye lens 123 arranged neighboring to the first fly eye lens 
121 and having a plurality of convex portions formed in a two-dimensional array on an 
incident surface and/or an exit surface. The first fly eye lens 25 is preferably disposed 
at a focal surface of the second spiral lens disc 103. Also, the convex portions of each 
10 of the first and second fly eye lenses 121 and 123 are formed to match one-to-one with 
respect to the cylindrical lens cell 101a of the first and second spiral lens discs 101 and 
103 in the first and second effective areas A and B. Thus, each of the color light 
beams scrolled by the spiral lens disc unit 100 transmits the first and second fly eye 
lens arrays 121 and 123 and are focused at different positions for each color so that the 
15 color bar for each color is formed. 

The cylindrical lens 131 shapes the first through third color light beams separated 
for each color on the optical paths of the color light beams which have passed through 
the first and second effective areas A and B and exit from the second fly eye lens 123. 

An optical combining device 138 according to a first preferred embodiment of the 
20 present invention includes a scroll direction change prism 140 to change the scroll 
direction so that the scroll directions of the light beams passed through the first and 
second effective areas A and B are the same, and a beam shifter 150 to combine the 
light beams split by the beam splitter 93 by shifting the same. 

The scroll direction change prism 140 is arranged on each of the optical paths of 
25 the light beams passed through the first and second effective areas A and B of the 

spiral lens disc unit 100 to change the scroll direction. To this end, the scroll direction 
change prism 140 preferably has the shape of an Amichi prism or penta prism. 

Referring to FIG. 10, the scroll direction change prism 140 includes an incident 
surface 141 and an exit surface 147 through which the light beams passed through any 



one of the first and second effective areas A and B, first and second reflection surfaces 
143a and 143b arranged perpendicularly to each other and inclined by an angle 9 2 from 
the incident surface 141 toward the exit surface 147, and a third reflection surface 145 
to reflect the light beam reflected by the first and second reflection surfaces 143a and 
. 5 143b to proceed toward the exit surface 147. Thus, when a light beam having a scroll 
direction indicated by an arrow in FIG. 10 is incident on the incident surface 141, the 
vertical direction of the incident light beam is not changed and the light beam proceeds 
toward the second reflection surface 143b by being inclined by the angle 9 2 . As a 
result, the scroll direction of the light beam is changed to the opposite at the second 

10 reflection surface 143b. Likewise, the light beam incident on the second reflection 
surface 143b proceeds to the third reflection surface 145. When the light beam is 
reflected from the first reflection surface 143a or the second reflection surface 143b and 
proceeds toward the third reflection surface 145, the scroll direction is reversed as 
indicated by the arrows in the drawing. 

15 Referring to FIG. 3, the beam shifter 150 may be a refractive optical member 151 

having a rectangular shape arranged inclined on the optical axis. The refractive optical 
member 151 includes an incident surface 151a arranged inclined to an incident optical 
axis and an exit surface 151b arranged separated a predetermined distance from the 
incident surface 151a and parallel thereto. The refractive optical member 151 

20 transmits the incident light beam refracted by a difference in the refractive index so as to 
shift the incident light beam toward the scroll direction change prism 140. 

Referring to FIG. 1 1, the beam shifter 150 may be a reflective optical member 
153 which shifts an incident light beam by totally reflecting the incident light beam. 
The reflective optical member 153 has an incident surface 153a and an exit 

25 surface 153b which make a right angle, and first and second reflection surfaces 155 and 
157 arranged inclined to the incident optical axis. The height Ad of the incident surface 
153a and the first reflection surface 155 is sufficiently greater than the width of the 
incident light beam such that a light beam having a scroll direction indicated by a hollow 
arrow in the drawing can be shifted without a change in the scroll direction. 
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The fourth relay lens 161 is preferably arranged on the optical axis between the 
optical combining device 138 and the light valve 162. 

FIG. 12 shows a projection system adopting an optical combining device 
according to a second preferred embodiment of the present invention. 
. 5 In FIG. 12, since the constituent elements having the same reference numerals 

as those of the constituent elements shown in FIG. 3 have the same structure and 
operation, detailed descriptions thereof are omitted herein. 

The optical combining device 139 according to the second preferred embodiment 
of the present invention has a scroll direction change prism 140 and a polarized beam 
10 splitter 146. The scroll direction change prism 140, as shown in FIG. 13, includes an 
incident surface 141 and an exit surface 147, which the first light beam I and the second 
light beam II proceeding along different optical paths are incident on and exit from, and 
first and second reflection surfaces 143a and 143b arranged inclined by an angle 0 2 
from the incident surface 141 toward the exit surface 147. The polarized beam splitter 
15 146 which reflects or transmits the incident light beam according to the polarization 
direction thereof is provided on the proceed paths of the first and second light beams I 
and II. 

By making the polarization directions of the first and second light beams I and II 
different, the first light beams which are reflected by the first and second reflection 

20 surfaces 143a and 143b and having reversed images and the second light beams 
proceed along the same path through the polarized beam splitter 146. In order to 
make the polarization directions of the first and second light beams I and II different, as 
shown in FIG. 12, a polarization panel 94 is provided on an optical path of the first and 
second light beams I and II between the beam splitter 93 and the cylindrical lens 95. 

25 The polarization panel 94 makes the polarization directions of the first and second light 
beams I and II different from each other. 

The first light beam I is reflected by the first and second reflection surfaces 143a 
and 143b and incident on the polarized beam splitter 146, with the direction of an image 
being reversed. The second light beam II is incident on the third polarized beam 
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splitter 146 without a change in the direction of an image. For example, the first light 
beam I is reflected by the third polarized beam splitter 146 while the second light beam 
II passes through the third polarized beam splitter 146, so that the first and second light 
beams I and II proceed along the same path. As the scroll direction of the first light 
5 beam changes, the scroll directions of the first and second light beams becomes the 
same. 

Fourth relay lenses 261 and 263 are arranged on the proceeding paths of the 
first and second light beams I and II respectively passed through the first and second 
effective areas A and B. The fourth relay lenses 261 and 263 are arranged at different 
10 positions to compensate for a path difference between the first and second light beams I 
and II. 

In the projection system adopting the optical combining device according to the 
present invention, the light beam scrolled by the rotation of the spiral lens disc unit 100 
and combined by the optical combining devices 138 and 139 is processed by light 

15 valves 165 and 270 according to an image signal to form an image. The light valve 
165 may be a single unit of a reflective LCD device a shown in FIG. 3. When the light 
valve 165 is a reflective LCD device, a beam splitter 163 is provided in front of the light 
valve 165. Alternatively, as shown in FIG. 12, a micromirror device which generates 
an image by modulating the scrolled light beam and reflects the generated image in a 

20 predetermined direction can be used as the light valve 270. The micromirror device 
270 forms an image by varying a reflection path of the incident light beam by driving a 
micromirror in units of pixel. Since the structure of the micromirror device is well 
known, a detailed description thereof is omitted herein. The above examples are 
merely examples of the light valves and two or more units of the reflective LCD devices 

25 can be provided. 

The image formed by the light valves 165 and 270 is magnified and projected by 
a projection lens unit 170 onto a screen 180. 

[Effect of the Invention] 
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As described above, in the optical combining device according to the present 
invention, by making the light beams proceeding along different optical paths proceed 
along one path, a system adopting the optical combining device can be made compact. 
For example, in a projection system, when two arrears of the spiral lens disc unit which 
scrolls the color bar is used, the light beams passing through these two areas proceed 
on the same path and the scroll directions of the light beams which are opposite are 
reversed. 
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What is claimed is: 

1 . An optical combining device to make light beams having different 
polarization directions and proceeding along different paths proceed along the same 
path, the optical combining device comprising: 

a first reflection surface which receives and reflects the first light beam; 

a second reflection surface which makes a right angle with the first reflection 
surface and reflects an image of the first light beam reflected by the first reflection 
surface reversely to proceed toward the polarized beam splitter; and 

a polarized beam splitter which is provided on a proceeding path of the second 
light beam having a different polarization from that of the first light beam and makes the 
first and second light beams proceed along the same path by selectively transmitting or 
reflecting an incident light beam according to the polarization direction thereof. 

2. An optical combining device comprising: 

a scroll direction change prism which is arranged on a proceeding path of a first 
light beam of light beams transmitting different effective areas of a spiral lens disc and 
changes a scroll direction of the first light beam so as to be the same as that of a 
second light beam transmitting the other effective area; and 

a beam shifter which is arranged on a proceeding path of the second light beam 
and shifts the second light beam so as to be combined with the first light beam exit from 
the scroll direction change prism. 

3. The optical combining device as claimed in claim 3, wherein the scroll 
direction change prism comprises: 

a first reflection surface which receives and reflects the first light beam; 

a second reflection surface which makes a right angel with the first reflection 
surface and reflects an image of the light beam reflected by the first reflection surface 
reversely; and 

a third reflection surface which reflects the light beam reflected by the second 
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reflection surface in a direction parallel to the second light beam exit from the beam 
shifter. 

4. The optical combining device as claimed in any one of claims 2 and 3, 
wherein the beam shifter shifts an incident light beam by refracting and transmitting the 
incident light beam by a difference in refractive indices thereof, and comprises an 
incident surface arranged inclined with respect to an optical axis of the incident light 
beam and an exit surface arranged separated a predetermined distance from and 
parallel to the incident surface. 

5. The optical combining device as claimed in claim 2, wherein the beam 
shifter shifts an incident light beam by totally reflecting the incident light beam and 
comprises first and second reflection surfaces arranged inclined with respect to an 
optical axis of the incident light beam. 
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